In high-energy nuclear collisions, light nuclei can be regarded as a cluster of baryons and their yields are sensitive to the baryon density fluctuations. Thus, the production of light nuclei can be used to study the QCD phase transition, at which the baryon density fluctuation will be enhanced. The yield ratio of light nuclei, defined as N(t)×N(p)/N 2 (d), is predicted to be sensitive observable to search for the 1st-order phase transition and/or QCD critical point in heavy-ion collisions. In this paper, we present the energy and centrality dependence of (anti)deuteron and triton production in measured by the STAR experiment at RHIC. We show beam-energy dependence for the coalescence parameter, B 2 (d) and B 3 (t), particle ratios, d/p, t/p, and t/d, and the yield ratio of N(t)×N(p)/N 2 (d). More importantly, non-monotonic energy dependence is observed for the yield ratio, N(t)×N(p)/N 2 (d), in 0-10% central Au+Au collisions with a peak around 20-30 GeV. Their physics implications on QCD critical point search and change of the equation of state will be discussed.
Introduction
In relativistic heavy-ion collisions, the study of the phase transition between the Quark-Gluon Plasma (QGP) and the hadronic matter attracts great interest [1] . Production of light nuclei with small binding energy is sensitive to the local nucleon density, which can provide a unique tool to probe the essential feature of the QCD phase diagram [2] . In the coalescence picture, the density of the cluster is proportional to the proton density times the probability of finding a neutron within a small sphere of radius around the proton momentum [3] . Nucleon coalescence mechanism can be described as:
where A and Z are the mass and charge number of the light nucleus under study. p p , p n , and p A are momenta of proton, neutron, and nucleus respectively, with p A = Ap p , assuming p p ≈ p n .
In the vicinity of the critical point or the first order phase transition, density fluctuations become larger. Based on the coalescence picture, the yield ratio, N(t)×N(p)/N 2 (d), is sensitive to the neutron density fluctuation, ∆n= (δn) 2 / n 2 , where n denotes the average value over space and δn denotes the fluctuation of neutron density from its average value n [4] . The yield ratio of light nuclei, which connects neutron density fluctuation, can be approximated as:
with g = 0.29. Experimentally, one can measure the light nuclei yield ratio to probe the QCD critical point or first order phase transition.
Results and discussions

Transverse momentum spectra
The results presented in this paper are obtained from the data taken with the STAR experiment in Au+Au collisions at √ s NN =7.7-200 GeV at RHIC. The main detectors used in this analysis are the Time Projection
Chamber (TPC) [6] and Time-Of-Flight (TOF) [7] . GeV for 0-10%, 10-20%, 20-40%, and 40-80% centralities. Right panel shows midraidity transverse momentum spectra for protons (|y| < 0.1), (anti)deuterons (|y| < 0.3), and triton (|y| < 0.5) in Au+Au collisions at √ s NN = 54.4 GeV for 0-10%, 10-20%, 20-40%, 40-60%, and 60-80% centralities [5] . The dashed lines are the results of the Blast-Wave fits to each distribution.
Coalescence parameters
In the left panel of Fig. 2 , the p T /A dependence of B 3 is shown at √ s NN = 7.7 and 200 GeV for different collision centralities. It is found that the value of B 3 decreases from peripheral to central collisions and decreasing with p T /A, which can be explained by the increasing of source volume. In the right panel of 
Integral yields and particle ratios
The yields of triton and deuteron are obtained by measuring p T range and extrapolating to the unmeasured p T regions with various parameterizations. The extrapolation is done by individual blast-wave fit for each particle. The deuteron integral yields are from the new data sets 54.4 GeV, which confirm the previous measurement by STAR [8] . We also show the particle ratios of d/p, t/p, and t/d as a function of collision energy in 0-10% central Au+Au collisions in the right panel of Fig. 3 . The dashed lines are the thermal model calculations [9] . It describes the ratios of d/p very well but overestimates the t/p and t/d particle ratios.
Yield ratio of light nuclei
In Fig. 4 , we show the energy dependence of yield ratio of light nuclei (N(t)×N(p)/N 2 (d)), which is directly related to the neutron density fluctuation, in 0-10% central Au+Au collisions. Non-montonic energy dependence is observed with a peak around 20-30 GeV. The light nuclei yield ratio measured by STAR experiment below 20 GeV are consistent with the results calculated from NA49 experiment [4] . The results from the high statistic Au+Au collisions at 54.4 GeV follow the trend very well. The maximum of this non-monotonic behavior might indicate that the density fluctuations become strongest at this energy region. Since there is no critical physics implemented in the JAM model, the results of central (b < 3 fm) Au+Au collisions from JAM model is also plotted as blue band in Fig. 4 for comparison. We found that the JAM model results show a flat energy dependence of yield ratio and cannot describe the data [10] . To provide a definite physics conclusion on this non-monotonic structure, we still need further studies, especially the precise experimental measurements and theoretical understanding. 
Conclusions
We presented STAR results of d and t production in heavy-ion collisions at 
